Introduction: Epstein-Barr virus is an infectious agent used to immortalize and induce polyclonal activation of B cells. It has been widely described that this virus produces changes in the cells it infects and in the immune response, and stimulates the development of autoimmune diseases.
Introduction
The Epstein-Barr virus (EBV) was discovered in 1964 by the British pathologist Sir Michael A. Epstein, who suggested that it played a major role in the pathogenesis of Burkitt lymphoma. Epstein was able to publish this claim after observing electro microscopy images of EBV-infected lymphoblast cell cultures taken by Yvonne Barr and Bert Achong. (1, 2) Since then, several studies have investigated the immune response against EBV in autoimmune diseases, which has never been associated with a clearly defined cause.
EBV is an immortalizing agent and polyclonal activator of B cells (3) that induces modifications in plasma membranes and leads to immunomodulation imbalance between regulatory T cells (Tregs), Th1/Th2/Th3/Th17 responses, cytotoxic T cells (CD8+), NK cells and the signaling pathways that control cell viability and survival. All these changes favor the development of autoimmune diseases, such as multiple sclerosis (MS), in genetically predisposed individuals. (4) (5) (6) MS is a chronic inflammatory disorder of the central nervous system that may have lead to the development of optic neuritis, brainstem dysfunction, or transverse myelitis at some point. (7) In recent decades, several researchers have studied the possible association of EBV with autoimmune disorders, and, even though this association seemed unrealistic at first, and the results did not completely convince the medical community, more compelling results on the correlation between EBV and MS have been published recently. However, as of today, no direct causality has yet been determined.
The objective of this article is to review the most recent literature on the EBV-MS association and to propose several alternatives to improve the management of this condition in Colombia.
Materials and methods
A structured bibliographic search was performed with a range of 59 years in order to collect historical and updated information on the EBV-MS association. The search was made in English and Spanish in the following databases: PubMed, ScienceDirect, Redalyc and SciELO. The following MeSH terms were used: "Epstein-Barr virus, multiple sclerosis, autoimmune diseases of the nervous system", and the equivalent DeCS terms in Spanish: "Virus de Epstein-Barr, esclerosis múltiple, enfermedades autoinmunes del sistema nervioso". The combination of operators used in English was "Epstein-Barr virus AND multiple sclerosis" and "Epstein-Barr virus AND autoimmune diseases of the nervous system", and in Spanish "Virus de Epstein-Barr Y enfermedades autoinmunes del sistema nervioso" and "Virus de Epstein-Barr Y enfermedades autoinmunes del sistema nervioso".
The following types of study were included: original research, review articles, opinion articles, case reports, reports, and books focusing on historical, biological, immunological, epidemiological and experimental aspects of the findings of the EBV-MS association. Books with relevant information about the association were also reviewed.
In total, 8 674 references were collected, of which 8 594 were excluded (7 892 because access to their full text was not available, 645 because they were not relevant to this article, and 57 because they were duplicates); thus, 80 references were finally included for analysis ( Figure  1 ). The open access software Mendeley version 1.18 was used to manage and organize the information. The theoretical framework reflected in the structure of the article was built by analyzing results, discussions and conclusions using the following classification: EBV epidemiology, EBV molecular biology, EBV and autoimmune diseases, MS, MS epidemiology, genetic risk factors in MS, and EBV-MS association. 
Full-text references n=782
References excluded due to unavailability of full text (n=7 892) References excluded because they were not relevant (n=645) Repeated references excluded (n=57) 
Discussion
The EBV-MS association was approached based on what was found in the literature review search: EBV epidemiology, EBV molecular biology, EBV and autoimmune diseases, MS, epidemiology of MS and genetic risk factors for MS and EBV-MS association.
EBV epidemiology
Most primary EBV infections occur during childhood or early adolescence, but its course is usually subclinical. High seroprevalence rates have been reported in USA: Dowd et al. (12) reported a rate of 66.5% in children and young adults aged 6-19 years. If the infection occurs in late adolescence or early adulthood, it usually presents as infectious mononucleosis, since 90-95% of adults and seniors have antibodies against EBV. (13) The most frequent mode of EBV transmission is through bodily fluids, for this reason it is commonly known as the "kissing disease". To a lesser extent, EBV is transmitted by oral contact with sweets, food, toys, or other contaminated objects. Additionally, it is also transmitted through sexual contact, blood transfusions, hematopoietic stem cells transplantation, solid organ transplants, and during childbirth. (12, 13) More than 90% of infected people sporadically release EBV throughout their lives, even if they remain asymptomatic. (4)
Molecular biology of EBV
The EBV genome is a double-stranded DNA with the ability to integrate into the genome of the host. This virus belongs to the Herpesviridae family, Gammaherpesvirinae subfamily, Lymphocryptoviruses genus, and Human Gammaherpesvirus 4 species. In 2015, the International Committee on Virus Taxonomy (ICTV) renamed it Human Gammaherpesvirus 4 (14), although it is still known as EBV in the medical jargon.
After entering the oropharyngeal epithelium, EBV can infect different cell lines such as B cells, T cells, NK cells, and epithelial cells. EBV is able to immortalize infected cells in cases where immunity is altered (HIV/AIDS, organ transplantation, prolonged steroid therapy, depression, etc.) This inmortalizing effect occurs after more than 100 EB viral gens have been integrated, since the viral proteins expression patterns vary according to the conditions of the host and the type of infection. (13, 15) EBV encodes proteins that facilitate its entry to B cells: the CR2 viral receptor (CD21 binds to the C3d component of the complement) and GP350, the main viral protein that binds it to B cells through the major histocompatibility class II complex.
EBV also encodes EBNA (nuclear antigens) and LMP (latent membrane proteins), among other transcripts, that make way for it in the host. (16-18) The expression of different viral genes may vary according to the evolution of the early, latent (chronic) and transformation (neoplasm) infection ( Table 2) .
Results
A large number of studies describing the EBV-MS association was found. After removing duplicates, 80 articles were finally selected for inclusion based on their relevance and full text availability. No emphasis was placed on particular populations or regions. These articles were classified as follows; 40 original investigations, 26 review articles, 4 meta-analyses, 4 opinion articles, 4 case reports, 1 report and 1 book. Table 1 lists some of the most significant references that were included. 
English 2001
Compared with matched controls, women with MS had higher geometric mean anti-EBV antibody titers, but not for cytomegalovirus. The increases were significant for anti-EBNA-1 (GMT, 515 vs. 203, p=0.03), anti-EBNA-2 (GMT, 91 vs. 40, p=0.01), and anti-EA-D antibodies (15.9 vs. 5.9, p=0.04). A difference >4 times was associated with a relative risk of MS of 3.9 (95%CI:
The results support a role the EBV in the etiology of MS.
Kakalacheva et al. (9)
Switzerland 35 IM patients and 23 control subjects.
English 2016
They detected frequent reactivity of anti-vimentin IgM in 27 (77%) patients with IM, but only in 2 of the control subjects (9%). IgG response to myelin oligodendrocyte glycoprotein (MOG) was observed in 40% of children with central nervous system demyelinating inflammatory diseases. They were detectable in 7 (20%) IM patients, but not in control subjects. Anti-vimentine IgM and anti-MOG IgG response decreased following clinical resolution of acute IM symptoms. MOG-specific memory B cells are activated in a subgroup of IM patients.
Casiraghi et al. (10) Canada.
3 MS patients who donated brain microvascular endothelial cells (autopsy).
English 2011
They demonstrated satisfactory EBV infection and gene expression in brain microvascular endothelial cells. EBV infection could activate and increase the production of molecules involved in the adhesion of leukocytes to the endothelium (CCL-5, ICAM-1). These molecules have been associated with MS; polymorphisms in CCL-5 and their CCR5 receptor modify the course and outcome of MS. An increased number of peripheral blood mononuclear cells adhered to brain microvascular endothelial cells (p<0.0001). Brain endothelial cells may regulate high cytokines, chemokines, and adhesion molecules that induce a breach in the blood-brain barrier and attract lymphocytes to the brain. 
GP42
Cell adhesion and penetration by means of HLA class II.
BMRF-2
Cell adhesion and penetration through integrins β1.
GP110 (BALF-4)
Host cell infection support. During latency stages, EBV expresses genes only to survive and prolong the infection. Cells with latent infection express low immunogenicity proteins according to the latency stage expressed by EBV (Table 3 ). Viral infection persists throughout life and progresses with intermittent lytic reactivation. (4, (23) (24) (25) In primary infection, the virus infects immune cells and epithelial cells while activating its type III latency genes complex. The infected B cells then enter the lymph nodes, where they proliferate 
EBV and autoimmune diseases
During the normal maturation process, immune cells learn to differentiate their own antigens (autoantigens) from anything that is foreign (antigens). The axis of immunological tolerance is the TCreg (CTCD4+), whose main function is to maintain tissue homeostasis through the suppression of inflammatory responses using four mechanisms: 1) regulation of antigen presentation, 2) destruction of target cells, 3) alteration of metabolic pathways, and 4) production of anti-inflammatory cytokines. (28,29) When these mechanisms are altered, hypersensitivity reactions and consequent autoimmune diseases are more likely to occur in predisposed individuals. (3) Therefore, tolerance to autoantigens is lost and the immune system no longer recognizes its own cells or tissues, which results in the inmune system attacking its own cells. The immediate cause of autoimmune diseases is not clear; however, there is evidence of a complex interaction between genetic, epigenetic and environmental risk factors that favor their presentation. (30, 31) Among the environmental factors associated with the pathogenesis of autoimmune diseases, infections top the list, and EBV, in particular, has been associated with the development of these diseases. (4) It is well known that infectious agents can initiate inflammatory responses by adhering to Toll-like receptors (TLRs), antibodies, complement cascade fractions, mannose-dependent lectins, or intracellular receptors. (32) EBV induces the production of pro-inflammatory cytokines and autoantibodies that stimulate hyperactive B cells and T cells to abandon their anergic states. In this way, the immune system can initiate and perpetuate the inflammatory response against autoantigens by cross-reacting with viral antigens (molecular mimicry) and residues of cellular and viral metabolism. and express viral proteins corresponding to type II latency. Thanks to the type 0 latency proteins, infected B cell reach circulation and undergo negative regulation by EBV to evade the immune response. Then, they divide and express a single viral protein (EBNA-1, type I latency) that ensures the division of the viral genome. Once these cells pass through the oropharynx, they transfer the virus to the epithelial cells, where it replicates to infect other cells ( Figure  2). (26,27) and -2) in cells with latent infection adhere to protein kinase RNAactivated (PKR), ribosomal protein 22 (L22), antigen associated with SLE (La), and retinoic acid inducible gene I (RIG-I). (36) This promotes the production of type I IFNs, pro-inflammatory cytokines and autoantibodies via the TLR3 signaling pathway. (19, 34, 36) There is a large number of studies that have addressed the relationship between EBV and the development of autoimmune diseases such as systemic lupus erythematosus (37, 38) and its exacerbations (39) ; rheumatoid arthritis (40); type I diabetes mellitus (41); Sjogren's syndrome (42) ; autoimmune thyroiditis (43) ; autoimmune hepatitis (44) ; systemic sclerosis (18); transplant rejection due to viral reactivation (45); autoimmune heart disease (46) (47) (48) ; adverse drug reactions (49, 50) ; Parkinson's disease (51); and MS. (3, 10) Multiple sclerosis MS is an autoimmune disease of the central nervous system with a course that is difficult to predict in each patient. It is characterized by multiple foci of inflammation, demyelination, axonal injury, fibrosis, grey matter involvement and neurodegeneration. (52, 53) Nearly half of MS patients suffer from anxiety disorders, depression, bipolarity and cognitive dysfunction at some point in their lives. Several studies have shown that cerebral atrophy is associated with MS, leading to a cognitive and motor deficit evidenced by a reduction in the volume of the prefrontal, parietal and temporal cortex. (7, 54) MS is the leading cause of disability among young adults. About 90% of those affected have the relapsing-remitting form of the disease, 10% present with a primary progressive form, while the secondary progressive form is observed to a lesser extent. (55) The peak age of onset is 30 years, although it can be diagnosed in children and adults over 60. (55) MS occurs most frequently in people aged 25-54 and represents an important economic burden for patients, their families, the health system and society in general. (56) Epidemiology of MS MS affects more than 2.5 million people worldwide (57); while the primary progressive form affects men and women equally, females are more susceptible (3:1) to the relapsing-remitting form. (58) There is a relatively high prevalence and incidence of MS in North America and Europe, areas with the the largest Caucasian population proportions, the highest income rates and better access to health care. For example, in the British Isles, its prevalence is 96 per 100 000 inhabitants, while its incidence is 7.2-12.2 per 100 000 inhabitants, while in Italy, the prevalence is 100 per 100 000 inhabitants and the incidence, 3.4-6.8 per 100 000 inhabitants. (59) Likewise in USA, MS prevalence ranges from 39.9 to 191.2 cases per 100 000 inhabitants and the MS incidence is 7.3 per 100 000 inhabitants. (59) On the other hand, the lowest MS prevalence and incidence rates are found in mestizo populations living in tropical and subtropical regions: in Latin America, MS prevalence ranges from 1.6 to 19.6 per 100 000 inhabitants and the incidence is 1.4 per 100 000 inhabitants (60.61), while in Colombia, MS prevalence is 3 per 100 000 inhabitants. (61) There is a relatively high prevalence and incidence of MS in Europe and North America, areas with the largest Caucasian population, highest income and improved access to health care. On the other hand, the mestizo populations (white and Amerindian) living in tropical and subtropical regions have the lowest prevalence and incidence rates of this disease. (61) Genetic risk factors for MS and EBV-MS association EBV-positive individuals with alterations in HLA alleles have a sevenfold increased risk of developing MS compared with carriers who do not. (10) The HLA-DRB1 and HLA-DRQ1 genes are strongly associated with susceptibility and progression of MS. There are also genes outside the HLA region directly related to cellular immunity functions that may be associated with the pathogenesis of MS. (59) Self-reactive memory B cells and T cells infected by EBV are activated at the periphery and cross the blood-brain barrier (BBB) by increased vascular permeability and underlying an inflammatory response (Th1/Th2/Th17). In the neuroparenchyma, T cells secrete cytokines (IL-2, IL-17, IFNγ, TNFα), elevating their concentration in the cerebrospinal fluid; they also present the myelin antigen (MA) to the microglia arranged around the myelin sheaths of the oligodendrocytes and attacks them. Circulating memory B cells migrate to the neuroparenchyma and differentiate into plasma cells (PC) that produce autoantibodies against MA (MBP: myelin basic protein, MOG: myelin oligodendrocytic glycoprotein, MAG: myelin-associated glycoprotein, PLP: proteolipid protein) that aggravate and prolong neuroinflammation. After the outbreak of MS, repair mechanisms are activated with subsequent fibrosis (Figure 3 ). (4, 5, 52, 62) Zhou et al. (11) determined genetic loci that influence anti-EBNA-1 IgG titers and may play an important role in the predisposition to develop MS. These researchers conducted a genome-wide association study (GWAS) to assess the polygenic risk shared between EBNA-1 and MS in 5 555 and 15 231 individuals, respectively. They identified a locus that showed a strong association in the HLA gene. The most significantly associated genotype was single nucleotide polymorphism (SNP) rs25160.49 (p=4.11 x 10 -9 ). This finding is consistent with a GWAS performed on a cohort of Mexican-American families, in which the same SNP rs2516049 was confirmed (p=3.32 x 10 -20 ). The authors concluded that the association of the HLA region and non-HLA genes (antiEBNA-1 IgG) are positively related to the development of MS. (11) It is considered that HLA alleles may favor molecular mimicry between EBV proteins, especially EBNA-1 (52) , and autoantigens such as MBP through the recognition and presentation of T cells. (63-65) Hyperreactivity against MOG (9,66), MAG (62, 67) and PLP (68, 69) have also been studied in several demyelinating diseases, and their association with MS has been the most studied.
EBNA-1 favors cross-reaction with myelin antigens, so there is an increase in IFN-γ and IL-2. Anti-EBNA-1 antibodies increase in the presence of clinical manifestations of MS and during disease progression. (52, (70) (71) (72) Humoral immunity plays an important role in MS, revealing IgG production against intrathecal epitopes of EBV, while some patients present highly reactive oligoclonal bands against viral protein in the cerebrospinal fluid study. (70, 73) The evidence involving EBV in the pathogenesis of MS has increased over the years: 99.5% of MS patients are seropositive for EBV, although control populations have a high rate of asymptomatic infection as well (94.2%). (8, 74) A history of infectious mononucleosis is associated with the presentation of autoimmune diseases and an increased risk of MS (75), since there is massive viral replication in 50% of young adult patients that favors persistent stimulation of the immune system with chronic production of autoantibodies that, in turn, increase the likelihood of hypersensitivity reactions against autoantigens. It is interesting that antibodies against EBV proteins (BRRF2 and EBNA-1) are observed, being significantly higher in serum and CSF of patients with MS than in controls. Similarly, the cytotoxic response to latent viral proteins is greater in patients than in controls. (76, 77) Patients with a history of infectious mononucleosis are 20 times more likely to progress to MS than EBV-negative patients. (78) Likewise, Thacker et al. (79) suggest that those patients who previously presented with infectious mononucleosis have twice the risk of developing MS [relative risk (RR) 2.3, 95%CI: 1.7-3.0, p<10 -8 ]. (79) Handel et al. (80) , in a meta-analysis, calculated an approximate RR of 2.17 (95%CI: 1.97-2.39, p<10 -54 ). In patients with MS, most B cells and plasma cells are infected with EBV, and 99% are seropositive for EBV; therefore, it has been proposed that vaccination could be a disease prevention measure. (57) 
Conclusions
Depending on the condition of the immune system and the predisposing genetic traits of each individual, there may be interactions with EBV that predispose it to trigger intense inflammatory responses and, by molecular mimicry, affect cells and nerve tissues. Taking this into account, intense inflammatory responses can cause various clinical manifestations of MS.
More studies addressing the pathogenesis,the morphophysiological changes and the neuroimmunological alterations produced by the EVBinmmune response coplex at the molecular, cellular, tissue, organic and systemic level are needed.
Seroprevalence studies in Colombia are suggested in order to know the epidemiology of EBV and other herpesviruses. With this in mind, research involving professionals of the basic and clinical sciences, epidemiology and public health can be guided. Studies with larger populations, of longer duration and analyzing risk factors and clinical variables, in addition to those regularly described among MS patients, are also required. This could have potential applications in clinical management and promotion-prevention measures, diagnosis, prognosis and research in the development of therapeutic resources.
